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An attempt to facilitate Observations of Terrestrial Magnetism. 
By the Rev. Humphrey Lloyd, A. M., M.R.I.A. Fellow of Trinity College, and 
Professor of Natural and Experimental Philosophy in the University of Dublin. 

Read October 28, 1833. 



Since the important researches of Baron Humboldt, Captain Sabine, and Professor 
Hansteen, much interest has been awakened on the subject of Terrestrial Magnet- 
ism. The intensity of the magnetic force, and the dip, have been determined at 
various parts of the earth's surface, and are found to follow laws agreeing re- 
markably with the results of theory. But the experimental data necessary for the 
complete solution of this important problem are, as yet, far from adequate ; and ac- 
cordingly, the multiplication of observations in remote quarters of the globe, has 
engaged the zeal of many a scientific individual, and even called forth the resources 
of more than one state of Europe. 

The imperfections of our instruments of observation have long presented a for- 
midable obstacle to the advancement of these inquiries. Many of these have indeed 
been guarded against by the skill of the observer, and by the application of suitable 
corrections. There are still, however, some inherent sources of fallacy in the instru- 
ments themselves, which seem almost inseparable from them in their ordinary form. 
The defects of the common dipping needle have been long acknowledged, and still 
continue to embarrass observers. The chief of these defects arises from the nature 
of the suspension. The directive force, it is well known, diminishes with the angular 
distance from the true line of the dip, varying as the sine of that distance. Hence 
when the needle is near the position which it would assume under the influence of the 
terrestrial action, if free to move, the directive tendency may be so small as to be 
more than balanced by the friction of the axle against its supports ; and in this case 
the needle will rest out of the position in which the earth's force would place it. This 
evil will of course be increased by any irregularity in the form of the axle itself, and 
such irregularities can never be wholly removed. To this is added another source of 
error, arising from the non-coincidence of the axle with the centre of gravity of the 
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160 Attempt to facilitate Observations of 

needle. Where this fault exists, gravity unites with magnetism in determining the 
position of equilibrium of the needle, and it will assume a direction different from that 
of the resultant of the terrestrial magnetic forces. The error arising from this cause, 
it is true, is in a great degree corrected by the process of reversing the poles of 
the needle, in the usual mode of observation ; but still it cannot be said to be wholly 
removed, nor are the methods of correction altogether unobjectionable. 

These and other difficulties in the direct determination of the dip, have led to the 
occasional employment of indirect methods. Thus, if the total magnetic intensity be 
known, together with its vertical or its horizontal component, the dip is readily found 
by elimination. A method founded on this principle was suggested by Laplace, and 
practised by Humboldt and Captain Sabine. The total intensity was determined by 
noting the time of vibration of a dipping needle, oscillating in the plane of the mag- 
netic meridian ; and the vertical component was similarly obtained from the time of 
vibration of the same needle in the plane at right angles to the former : the ratio of 
these two forces is equal to the sine of the dip. Captain Sabine has also employed 
another method derived from the same principle. The horizontal component of the 
terrestrial magnetic force was found by observing the time of vibration of the needle 
suspended horizontally : and this component, divided by the total intensity, is equal to 
the cosine of the dip. The dipping needle, however, seems to be badly adapted to 
observations of vibration. Owing to the friction of the axis, the needle is soon 
brought to rest, unless the initial arc of vibration be considerable ; and, when this is 
the case, the observer is involved in many sources of error, against which it seems dif- 
ficult to guard. 

A method similar to these in principle, but free from the objections just stated, was 
adopted many years since by Coulomb. In this method, the elements obtained by ob- 
servation were the vertical and horizontal components of the intensity, the ratio of 
which is equal to the tangent of the dip. The horizontal component was determined, 
as in the last case, by observing the number of oscillations performed in a given time 
by the needle suspended horizontally ; while the vertical component was found by 
determining the weight of a counterpoise, placed at a given distance on the southern 
arm of the needle, and sufficient to bring it to the horizontal position. The moment 
of this counterpoise, or its weight multiplied by its distance from the axle, is ob- 
viously equal to the vertical component of the magnetic intensity. M. Biot considers 
this as the most accurate method that has been ever applied to the determination of 
the dip. It seems, however, open to very serious objections, which have been pointed 
out by M. Pouillet. In order to determine the horizontal component from the time 
of vibration, so that it may be comparable with the other component determined sta- 
tically, it is necessary that the moment of inertia of the needle should be known a 
priori ; and that this should be, the needle must have a regular mathematical form. 
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That used by Coulomb was of uniform and very small dimensions throughout its en- 
tire length, and .in the calculation was treated as a mathematical line. There are 
other difficulties connected with the practice of this method, on which it is unnecessary 
to dwell : so that, notwithstanding its high sanction, it has not, as far as I am aware, 
been adopted by any other observer. 

1 have alluded to the method of Coulomb in this place, because it suggested that 
which I am now about to propose. It occurred to me that the components of the 
magnetic intensity might both be determined statically, and by one and the same pro- 
cess. Thus all the objections, to which Coulomb's method is liable, would be avoided, 
and the process itself rendered much simpler of application, as well as more accurate 
in its results. 

Let us conceive a magnetic needle suspended as the ordinary dipping needle, and 
placed in the magnetic meridian ; and let us calculate the directive effect of the ter- 
restrial magnetic force upon it in any position. 

If q denote the quantity of the magnetic fluid in any point of the needle, and <j> 
the terrestrial magnetic force acting on the unit of quantity, <}> q will be the force ex- 
erted on the point in question. Let 8 denote the angle which the direction of this 
force makes with the horizon, or the dip, and let be the angle formed by the needle 
itself with the horizon : then 8— 6 is the angle which the direction of the force makes 
with the needle ; and consequently, the moment of the force tending to turn the 
needle round its axle is <p q r sin (B— 0) ; r being the distance of the point in question 
from the axle. Now, to obtain the total effect of these forces acting on all the points 
of the needle, we have only to multiply this moment by the element of the mass, dm, 
and integrate the result. The total directive effect of the earth upon the needle is 
therefore 

f § qrdm. sin (8 — 0) = ^ sin (8 —0) /" qrdm. 

The integral Jqrdm, in this expression, will depend on the form of the needle, and 
on the law of the magnetic distribution in it. Let its value, taken within the limits 
of the dimensions of the needle, be denoted by <r : then the moment of the terrestrial 
magnetic force, tending to turn the needle round its axle, is expressed by 

<f> a sin (8—0). 

Now, if a weight be placed on the southern arm of the needle, its effect to turn the 
needle in the opposite way is 

H cos ; 

ju being the moment of the mass, or the weight multiplied by its distance from the 
axle. Accordingly, in the case of equilibrium, we have n cos = tya sin (8 — 0) 

Or, ^ = <j> a (sin 8— cos 8 tan 0) (1) 



162 Attempt to facilitate Observations of 

Now, let us suppose two weights to be placed in succession on the southern arm of 
the needle, and let their moments, p and //', be adjusted so as to bring the needle into 
the positions forming half a right angle with the horizon, below and above ; the corres- 
ponding values of 6 then are +45° and— 45°, and substituting, we have the two equa- 
tions following 

fi—fya (sin 8— cos 8), jn" = $ a (sin 8 + cos 8). 

Adding and substracting these equations, we have 

n" +ft = 2 $ o- sin 8, /x" — ix =2 <£ <r cos 8. 

from which we obtain, 



tan 8 = ^rfy , <p*^2= ^^+^ (2) . 

Accordingly, to determine the intensity of the terrestrial magnetic force, as well as 
the dip, we have only to find the moments of two counterpoises which will bring the 
needle into the two positions above mentioned ; the sum of these divided by their dif- 
ference is equal to the tangent of the dip, and the square root of the sum of their 
squares furnishes a measure of the intensity. Another set of results might be obtained 
by observing also the moment of the counterpoise which brings the needle to the 
horizontal position ; for it will be easily seen that this moment is equal to the arithme- 
tical mean between the two preceding, or equal to $ a sin 8. 

In the practice of this method, it is obvious that a divided circle is not required; it is 
only necessary to place four lines on the frame of the instrument corresponding to the 
inclinations of 45°. It is requisite, however, to have some means of determining the 
moments of the counterpoises with facility. For this purpose I procured a needle fur- 
nished with a small sliding weight, and having a scale on its southern arm, divided to 
the l-50th of an inch. I had then only to observe the division on the scale coinciding 
with a fixed mark on the sliding weight, when the needle was brought to the two 
required positions. 

Simple as this method appears, a few trials were sufficient to convince me that it 
would prove a most inconvenient one in practice. The adjustment of the counter- 
poise, so as to bring the needle to the required inclinations, was found to be a tedious 
and delicate operation, requiring a frequent removal of the needle from its supports ; 
and the repetition of this process, in the various positions of the needle and instrument 
in which an observation of dip is usually taken, multiplies, of course, the difficulty. 
For these, and other reasons, it appeared far preferable to observe the positions 
which the needle assumes with fixed counterpoises, rather than the counterpoises which 
bring it into fixed positions. It will be easily seen, that two such observations are 
sufficient to determine the dip and the magnetic intensity. 



Terrestrial Magnetism. 163 

Let |u.' and /i" be the moments of the two fixed counterpoises, and ff and 0" the 
corresponding inclinations of the needle to the horizon : then, substituting in 
equation (1), 

ft — j> a (sin 8 — cos 8 tan ff), /*" = <j> a (sin 8 — cos 8 tan 0"). 

We have thus two equations containing <p and 8, from which these quantities may be 
obtained by elimination. To effect this, let the former be divided by the latter, and 
we find 

n' tan 8 -tan & ^_ ^ tan ff'-ft' tan W 

7'~ tanS-tan0" ' tan b ~ #-? J 

And denoting the constant factors —, — 7 and /^ „ ■ by v and v", 

we have finally, 

tan 8 = v tan 0" - v" tan 0' . (3) 

If we eliminate 8 between this equation and either of the two equations given above, 
we readily obtain an expression for f in terms of n', \i\ and &, 0" ; but as the result- 
ing expression is somewhat complicated, it will be much simpler in practice to obtain 
the dip, in the first instance, from the equation last deduced, and to substitute its 
value in the formula 

__ n cos 
^~<rsin(S-0)' 

The quantity <r, in this formula, depending on the law of distribution of the magnetic 
fluid in the needle employed, is unknown ; and, consequently, the absolute intensity 
of the terrestrial magnetic force cannot be determined without some other artifices. 
In general, however, the ratio of this force at different parts of the earth's surface is 
alone required ; and for this purpose the force at some given place (usually the mag- 
netic equator) is taken as unity, and the force at other places determined by compa- 
rison. Let f t be the force at the given place, and 8 i / the corresponding values of 
8 0, then 

_ mcos 0, 
*'~asin(8,-0> ' 
and dividing 

^ _ si n (8,-0,) cos 

f t ~~ sin (8-0) cos 0/ ^ > 
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The counterpoises I employed, in the practice of this method, were small pieces 
of brass wire inserted in holes which were drilled at different distances along the axis 
of the needle. Finding that the weights which were sufficient to balance the magnetic 
force, at a moderate distance from the axle, were unmanageably small, I used two coun- 
terpoises, one of which was a weight of one grain, placed on the southern arm, at the 
distance 1.38 inches from the axle ; the other was a weight of .7 of a grain, placed on the 
northern arm, at the distances 1.1 and 1.88 inches successively. Thus the moments 
of the actual counterpoises were the differences of those on the two arms, added to the 
difference of the moments of the arms themselves.* 

It was now necessary to determine with accuracy the ratio of these moments j and, 
as this could hardly be effected with the requisite precision by any direct measure- 
ments, I determined to use for the purpose the means suggested by the proposed 
method of observation itself. This method, it has been shown, determines the dip by 
means of the two positions of the counterpoised needle, when the ratio of the moments 
is known : therefore, conversely, if the dip be otherwise found, the same formulae may 
be used to calculate the ratio of the moments. The following observation was accord- 
ingly taken for this purpose : 



Killiney, Sept. 11. 



Needle I.\ 



*%% 



I 



'I 



f 



Mean 



e marked side w 



— A- 



N 



N 



71° 7' 71 15" 1 71 15' 71 SO" 



70 45 70 45|70 50 70 50 



71 10 71 20|71 80 71 45 



70 45 70 40|71 10 71 5 



70° 56'.8 71° tf 71° H'.S 71° 17.5 
Final Mean = 71° 6' .4. 



Killiney, Sept. 12. 



Needle //.+ 



-2 8 -a 

c.5g 



"1 



Mean 



w 



e marked side w 



N 



N 



18° 45' - 18° Sf I - 19» 0' - 18° 52' 



-20 25 -20 15 -21 -21 



+ 23 10 + 23 20 | + 25 40 + 25 55 



+ 22 30 +22 85 | +25 20+25 25 



& = -19° 44 e" 



+ 24° 14' 



Substituting the values of 8, ff and 0", thus obtained, in the equation, 

fi _ tan 8-tan_^_ 
j?~ tan 8_tan 0" ' 

we find the ratio of the connterpoises to be 1.3274. 



* The moments of the two arms of the needle were rendered unequal by the weights which were 
unsymmetrically abstracted in the process of drilling the holes. 

\ Needle I. is the common needle — Needle II. the counterpoised needle. 
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It now remained to take a series of observations, with the common as well as the 
counterpoised needle, and to compare their results. The following 1 tables contain the 
results of two such series. The first series of observations was taken at places differing 
in dip : the second series at the same place. The poles of the counterpoised needle 
were not reversed, as such a process would be incompatible with one of the objects of 
the needle — namely, the determination of the variations of terrestrial intensity ; and it 
fortunately happens, that this troublesome operation is, in the present method, wholly 
unnecessary. The use of reversing the poles in the common needle, it is well known, 
is to correct for the moment of the needle itself. If the centre of gravity of the 
needle deviates at all from the centre of motion, in the direction of its length, 
the moment of the needle will increase or diminish its inclination to the horizon, 
according as the deviation is towards the north or south pole ; and this error 
can only be corrected by reversing the poles of the needle, so that its moment may 
act in opposite directions in the two cases.* But, in the needle proposed in these 
pages, the centre of gravity of the whole is made intentionally to deviate from the 
axle, and the dip determined from the altered inclinations. In this case, accordingly, 
the moment of the needle, if any, simply increases or diminishes the moments of the 
actual counterpoises ; and, as these are determined a posteriori, the moment of the 
needle itself will of course be included in the determination. 



* It may be readily shown, that the tangent of the true dip, is the arithmetical mean between the 
tangents of the observed inclinations of the needle, when the same end is a north and south pole. But 
when the difference of the observed inclinations is small, we may, without much error, suppose the same 
relation to hold amongst the angles themselves. 
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TABLE I. — Containing Observations of the positions of the Common and Coun- 
terpoised Needle, at places differing from one another in Dip. 





Observatory, Armagh, Sept. 16. 


Dundonnell, County of Down, Sept. 23. 
E marked side W 




•3-S-a 
t. a a 

(w 

( E 

Cw 

Mean 


N 


e marked side w 




S N S 


i — \ i \ 

N S N S 


I-H 


72° 


5' 72° 5' | 71° 55' 71° 55' 


72° 0' 72° 5' | 71° 55' 72° 0' 




71 


22 71 10 | 71 25 71 15 


71 15 71 7 | 71 30 71 20 


P 


72 


72 4 I 72 5 72 15 


71 55 72 I 72 72 5 




71 


25 71 10 | 71 20 71 5 


71 20 71 15 | 71 22 71 15 




71 


43 71 37.2 | 71 41.2 71 37.5 


71 37.5 71 36.8 | 71 41.8 71 40 




Final mean = 71° 39'. 7 


Final mean = 71° 39' 




D ffl A 

■J M 

-r 

CW 

( E 
II J 

CW 

Mean 


N 


E marked side w 

A A 


E marked side W 

A A 




1 1 1 
S N S 


N S N S 


>-< 

1— I 


-r-21 C 


20* -21° 15' | -22° 10' -22° 7' 


-21° 10- -21° 5' | -22° 50' -22° 5C 


►4 

n 


-21 


25 -21 15 | —22 5 -21 55 


-22 -21 55 | -22 52 -22 45 


+22 


30 +22 30 | +25 40 +25 35 


+ 22 5 +22 5 | +25 15 +25 20 


fc 


+22 


+22 5 | +23 45+23 45 


+22 7 +22 7 | +24 40 +24 40 




& : 


= - 21° 41'. 5 &' — + 23° 28'.8 


& = - 22° 11' 0" = +23° ^-2' 




Calculated dip = 71° 26' 


Calculated dip = 71° 38' 



Museum, Belfast, Sept. 28. 



■a 

■3-s-i 
f 

C w 

■r 

C w 
Mean 


r 
N 




E 


m.uked 

s 


side 

N 


w 

. .,.A. 














s 


72 


20 


72 


22 


72 


15 


72 


15 


71 


30 


71 


25 | 


71 


30 


71 


28 


72 


15 


72 


20 | 


72 


10 


72 


15 


71 


35 


71 


37 | 


71 


30 


71 


20 


71 


55 


71 


56 | 


71 


51.2 


71 


49.5 



Final mean = 71° 52'. 9 





Garden, Trinity College, 


Oct. 21. 


N 


E marked 


side 


w 

A 


, A .... ^ 

s 


r 

N 


s 


71 


16 71 16 


71 10 


71 21 


70 


43 70 35 


70 33 


70 30 


71 


15 71 27 


71 18 


71 22 


70 


36 70 34 


70 35 


70 32 


70 


57.5 70 58 


70 54 


70 56.2 



Final mean = 70° 56'. 4 



2 a> X> 

«-s a 

5 eo. 
O 



marked side W 



s 



s 



-21° 10' -21° 0- 1 -21° 45' ^21° 35' 



-22 7 -22 7 | -22 37-22 30 



+22 40 +22 40 | +25 30 +25 35 



ii- 



C w 
Mean 



+22 52 +22 45 | +25 30 +25 40 



& — 



21° 51' 



0" — +24° 9- 



Calculated dip = 71° A& 



r 
N 



E marked side W 
~A v , a.. 



.23° 27' _23° 3C | —23° 42' -23° 41' 



-24 15 —24 17 | -25 7 -25 



+20 27 +20 27 | +21 40 +21 43 



+ 19 52 +19 52 | +22 37 +22 32 



6>'=-24° 8\2 



0"= + 21° 8'.8 



Calculated dip=71° 12' 
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TABLE II. — Containing Observations of the positions of the Common and Coun- 
terpoised Needle, taken in the Philosophy School of Trinity College. 





October 22. Therm.=56£° 


October 23. Therm.=57° 




(.w 

■f 

(.w 

Mean 


N 


E marked side w 

A A 


E marked side W 




1 ' 1 
S N S 


' i f ■■■■ i 

N S N S 




71° 


20" 71° 2C | 71° 15' 71° 20 1 


71° 15' 71° 7' | 71° 15' 71° 22' 


H 


70 


40 70 30 | 70 25 70 30 


70 35 70 "30 | 70 35 70 30 


>-J 

O 


71 


15 71 22 | 71 15 71 22 


71 15 71 20 | 71 15 71 25 


70 


35 70 30 | 70 50 70 50 


70 35 70 25 | 70 30 70 15 




70 


57.5 70 55.5 | 70 56.2 71 0.5 


70 55 70 50.5 | 70 53.8 70 53 




Final mean=70* 57'.4 


Final mean=70° 53'.1 




t 

r* 

§ o.a 

f E 

I •) 

(w 

( w 
Mean 


r~ 

N 


E marked side w 

,< ..„.-*■ 


E marked side w 

i *- — > / A > 




, , * 

S N S 


N S N S 


t-c 

h-t 


-27 c 


52' -27° 52' | -29° 20 , _29° 22' 


—12° 30- _12° 22' | —14° 15'-14° 3C 


W 
>-I 


-28 


45 -28 45 | -28 52 -28 52 


-13 37 —13 37 |-15 55-15 50 




+ 16 


15 +16 15 | +20 15 +20 25 


+ 26 7 +26 15 | +29 35+29 45 


£ 


+ 15 


15 +15 15 | +19 0+19 


+ 26 +26 | +30 10 +30 10 




& 


= - 28° 42'.5 0" — +17° 42'.5 


^=-14° 4'.5 0"=+28° 0'.2 




Calculated dip = 71° 22'.5 


Calculated dip = 71° 6' 





(1) October 24. 


Therm.=5Si° 


(2) October 24. f Therm. =59° 




T3 

"3 a a 

g-3 

■f 
■f 

( w 

Mean 


e marked 
a 


side w 

A 


E marked side tv 

A A 




N S 


f \ 

K S 


N S N S 




71° Id' 71° 22' | 


71° 7' 71° 22' 


71° O 71° 15' | 71° 10 1 71° 25' 


M 


70 40 70 30 | 


70 30 70 22 


70 45 70 45 | 70 30 70 30 


» 


71 15 71 20 | 


71 7 71 15 


71 20 71 40 | 71 7 71 20 


(-1 

r -1 


70 35 70 25 | 


70 30 70 30 


70 35 70 30 | 70 35 70 30 


-A 


70 56.2 70 54.2 | 


70 48.5 70 52.2 


70 55 71 2.5 | 70 50.5 70 56.2 




Final mean 


=70° 52\8 


Finalmean=70°56' 




I 

U 

l-il 

T 

(w 

'f 

(w 

Mean 


e marked side w 

A A 


e marked side w 

.._ A., A 




1 1 
N S 


N S 


,. -.- 1 , . , /v. , ^ 

N S N S 


i— i 


-35° 30" -35° 45' 


| -38°10'-38 o 15' 


-10° 45' -10° 4C | -12° 45' -12° 45' 




-38 7 -38 


| -39 55 -39 55 


-12 45 -12 45 | -14 0-14 


w 

1=3 


+ 6 35+6 37 


| + 8 45 + 8 50 


+ 26 30 +26 30 | +30 30+30 30 




+ 4 15 + 4 20 


| + 6 30 + 6 30 


+27 +27 | +30 30+30 30 




6> = - 37° 57' 


0" = +6° 32'.8 


& = - 12° 33' 6" — +28° ~7'.5 




Calculated dip = 70° 39" 


Calculated dip = 70° 56' 
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Prom the first of these Tables we see that the values of the dip, obtained by the 
common and counterpoised needle, do not differ from one another by 16', at any of 
the four stations ; while at two of the stations the difference is considerably within the 
limits of error of a single observation of dip, taken in the usual manner. 

The general agreement of the results of the two methods being thus established, the 
second series of observations, given in Table II, enables us to compare the methods 
with respect to accuracy ^ for these observations being all taken at the same place, the 
consistency of the results will afford the means of estimating the probable limit of 
error in each method. 

Comparing' then, the results of Table II, it will be seen in the first place, that the 
mean of the four observations made with Needle I, gives 70° 55'. 1 for the dip, in the 
Philosophy school of Trinity College ; while the mean of the observations taken 
with Needle II, is 71° C.9, differing from the former by less than 6'. 

The results of Needle II, are, however, by no means as consistent among themselves 
as those of Needle I. The greatest difference between any one result and the mean, 
with the common needle, is only 2^' ; while, with the counterpoised needle, the cor- 
responding difference amounts to 22/ This, however, can scarcely be regarded 
as decisive against the accuracy of the method. The common needle was one of re- 
markable nicety of construction ; while that used with the counterpoises, was obviously 
erroneous. It was necessary for the consistency of the results that the points of appli- 
cation of the counterpoises, should coincide exactly with the magnetic axis, or cen- 
tral line of the needle. Now, no very precise means were adopted to insure this coin- 
cidence, in drilling the holes for the counterpoises; and that the coincidence was in fact 
not effected, will readily appear on looking over the results. It will be seen that, when 
the second counterpoise is employed, there is a difference amounting sometimes to 4° 
between the angles read off with the face of the needle in opposite positions ; and 
this plainly indicates an error in the place of the second hole on the northern 
arm of the needle. It is to be observed, further, that the magnetic state of the nee- 
dle was widely different in the several observations, having been altered before each 
trial by a pair of bar magnets ; so that the method was subjected to a more severe 
test than any to which it could be exposed in practice. Even with these disadvan- 
tages, however, the values of the dip obtained with this needle do not appear to 
differ from one another more than is common in such observations ; so that the result 
of the trial cannot be regarded as unfavorable. 

During the progress of the observations recorded in Table II, I made a cotempora- 
neous series of observations on the rate of vibration of Needle II, suspended horizon- 
tally ; with the view of ascertaining how far the results obtained with this needle could 
be relied on for the determination of the force. For this purpose the magnetism of 
the needle was altered by a pair of bar magnets, and its rate of vibration ascertained 
in the usual manner, after each change in its magnetic condition, by a good chrono- 



Terrestrial Magnetism. 165 

meter. The observation of the angles of position of the same needle, when counter- 
poised, was taken immediately before or after, and, as nearly as possible, at the same 
temperature. But unfortunately the moment of inertia of the needle was unguard- 
edly altered during the observations, so that no reliance could be placed on the results. 

Since the preceding trials were made, it appeared to me desirable to examine theo- 
retically the accuracy of the counterpoised needle in its different positions, and to as- 
certain, if possible, the most eligible. It will appear from the foregoing observations, 
that between two distant places, the range, or change of position of the counter- 
poised needle, is considerably greater than the corresponding change in the dip. This 
I had been previously led to expect from theory, and had found that the change of 
position, corresponding to a given change in the dip, would be greatest when 
tan 2 0=^ tan 8. When 3 = 70°, this formula gives, for the angle of 'maximum range, 
= 17° 15' ; and the ratio of the range itself to the corresponding variation in the dip 
was found, in this case, to amount to 3.275. I was thus led to expect that changes 
of dip, which would be inappreciable by the common needle, might be detected with 
this. It appeared, however, on trial, that the limits of error were likewise increased 
in this needle ; so that it was necessary to examine it in another point of view. 

Resuming the original equation 

ft cos = 4>(r (8-0), 

and differentiating and dividing by the equation itself, considering 0, 8 and <p as all va- 
riable, we find 

cos0 sin (8-0) ^ + cos cos (8-0) dS-cos 8 dO = 0. 

This equation will give the error in the dip, or in the force, corresponding to a 
o-iven error in the position of the counterpoised needle ; for, making d$ and d§, suc- 
cessively, equal to nothing, there is 

_ cos 8 dO ety _ cos 8 dQ . ,. 

cos cos (S-0) ' ^ cos~OliinlS^dJ ' ^' } 

Hence, supposing the error in the position of the needle, dQ, to be given, we can find 
the directions of the needle, in which the resulting error in the determination of the 
dip, or of the force, shall be a minimum. It is easily seen that dB is a minimum, when 
= 1 S : and that — is least, when 0=|8-45°. Hence, in our latitudes, for the de- 
termination of the dip and of the force, the counterpoises should be such as to bring 
the needle into the positions forming the angles +35° and —10°, respectively, with 
the horizon, 
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Such then should be the inclinations of the needle, in order that any constant error 
of position, dd, may hare the smallest influence on the calculated dip and inten- 
sity. Of such constant errors the most obvious is the error to which the observer is 
subject in reading the angle on the limb, arising from the smallness or imperfection of 
the divisions. But the error of reading is not the only, or even the most important 
error, to which we are liable in determining the position of the needle. It has been 
already stated that, owing to the friction of the axle, the needle is often brought to 
rest out of its true direction : now the error of position arising from this cause is, 
in instruments of the usual size, of greater magnitude than the error of reading, and 
that magnitude is different in the different positions of the needle. 

In order to determine the amount of this error, it will be necessary to consider the 
directive force, by which the needle is urged to its position of equilibrium. This 
force is obviously the difference between the magnetic moment, $o sin (8 — 0), and 
the moment of the counterpoise, n cos ; so that, if its magnitude be denoted by F, 

~F = <f>o sin (8 — 6) — fi cos 0. 

But, if Q i be the position of equilibrium, there is f a sin (8 — ( ) — ju cos 0, = O; and 
substituting the value of ft, obtained from this equation, in the preceding formula, 
and observing that 

sin (8—0) cos — sin (8 — 0,) cos = cos 8 (sin cos — cos 0, sin 0) = cos 8 sin (0, — 0), 

we have finally 

— COS 8 • /n /i"\ 

F=*<r s- sm(0~0). 

T cos 8, ' 

Hence the directive force varies as the sine of the angular distance from the position 
of equilibrium. Accordingly, when that angular distance is reduced to a certain limit, 
the force becomes equal to the friction, and is balanced by it. Let t be the magnitude 
of the angle, 0,-0* when the directive force becomes equal to the friction, f ; then 

f=.A a A sin e=* <r — - n i , since t is small; and therefore 

J T COS0 T COS0 

/ cos 



$ a cos 8 



(6) 



The angle t, thus found, is obviously the limit of error to which we are liable in 
determining the position of the needle, arising from friction. Its value depends, as 
we see, upon the force of friction, the intensity of the terrestrial magnetic force, the 
magnetic moment of the needle, and its position with relation to the dip. In order to 
determine the resulting error which it will produce, in the determination of the dip 
and intensity, we have only to substitute its value for d6, in the equations (5). We 
find, in this manner, 
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dS= f d ± - * - 

or, denoting the limit of error arising from friction in the ordinary position of the 
needle hy i , 

rfg = «' sec (S-0) , 'Q = e cosec (S-0) . (7) 

We learn, then, that the error in the determination of the dip, arising from friction, 
is least when 3— 0=0 ; and that the smallest value of dS is e'.* The corresponding 
error in the determination of the force will be a minimum, when 8 — 0=90° j in which 
case -- = «' , b being expressed in parts of radius. 

As far then, as friction is concerned, it would appear to be the most advantageous 
modification of the method suggested in the preceding pages, to observe the position 
of the needle, in the first instance, without any counterpoise, and, afterwards, with a 
counterpoise which will bring it into a position nearly perpendicular to the line of the 
dip. The former of these angles is the dip itself ; and the two angles, when substi- 
tuted in formula (4), furnish the measure of the intensity. But, in order to avoid 
the error arising from the non-coincidence of the centre of gravity with the axle, I 
think it would be far better to use a small counterpoise in the first instance ; or 
even to consider the moment of the needle itself, (or its weight multiplied by the 
distance of its centre of gravity from the axle,) as a counterpoise acting with or 
against the magnetic moment. The ratio of this moment to that of the other coun- 
terpoise should, of course, be determined by the indirect method which has been 
already explained.t 

We may now form an efetimate of the accuracy of this method, as compared with 
the usual one, in the determination of the magnetic intensity. In the received me- 
thod, it is well known, the horizontal component of the force is determined by ob- 
serving the time of vibration of the needle suspended horizontally. Now let us sup- 
pose this portion of the force to be completely determined, and inquire how far the 
probable error in the dip will affect the total intensity, thence deduced. If h denote 
the horizontal component, we have 

h = <j>a cos 8 j 

* We have here considered the effectof friction on the result, so far as it depends upon a single reading. 
The eight readings usually taken may undoubtedly diminish still further the resulting error of dip ; but 
as these readings are taken in order to correct other errors, we have disregarded their effect here. If, how- 
ever, the needle be so perfect in its construction, that the errors arising from the non-coincidence of the 
centre of gravity with the axle, and the deviation of the magnetic axis from the axis of the needle, &c. 
are less than the error of friction, then the multiplication of readings will have the effect of reducing 
the latter in the ultimate result. 

t Seepage 6. 
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and differencing" and dividing 1 , h being considered as constant, 

^ = tfStanS. 

f 
Now, confining our consideration to the error arising from friction, d% = — = s ; so 

that the limit of error in the determination of the force, in the usual method, is z tan S ; 
while, in that now proposed, it may bo reduced to i. The limit of error in the 
common method, therefore, is to that of the method now proposed, in the ratio of 
the tangent of the dip to unity ; that is, in our latitude, as 2.75 to 1, nearly. 

In the instrument in my possession, constructed by Mr. Robinson, of Devon- 
shire-street, London, I consider the limit of error arising from friction, in the ordi- 
nary position of the needle, not to exceed 5'. With this instrument, therefore, 
i' = 5' = .0015, nearly, radius being unity ; so that the error in the determination of 
the force does not exceed the .0015 part of the entire quantity. 

In order to satisfy myself more fully as to the accuracy of this method, the follow- 
ing series of observations was taken. The position of the needle (Needle I of the 
preceding experiments) was observed, first without any counterpoise, and secondly 
with a counterpoise which brought it into a position nearly perpendicular to the line 
of the dip. The observations were taken in the same spot of the room, and as nearly 
as possible at the same temperature ; the magnetism of the needle was not interfered 
with during the observations. 

TABLE III. Containing the results of Four Observations taken with Needle I. in 
the Philosophy School of Trinity College. Therm. = 6l°.5. 
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The mean values of S and 0, as deduced from these four observations, are 

8, = 70°. 50'.7 , = -17°. 31'.8 ; 
and if we take the force corresponding to these mean values as unity, the numerical 
values of the force, derived from each separate observation, will be obtained by sub- 
stituting the corresponding values of 3 and 0, given by the preceding table, in the 

formula 

log ^>= log cos — log cos 0, + log sin (8,-0,)— log sin (8 — 0). 

We find in this manner 

^ = .9994, tf>2=1.0000, ^3 = 1.0011, ^ = .9995- 
The greatest deviation of these values from the mean is .0011 ; so that the limit of 
error in the determination of the force, would appear from these observations to be 
little more than the one-thousandth part of the entire quantity. 

It appears then from the preceding, that the Terrestrial Magnetic Intensity may be 
determined, together with the Dip, with the aid of a single instrument, and by a pro- 
cess even somewhat less troublesome than that by which the dip alone is usually de- 
termined.* To any one who considers the numerous precautions required, in the 
common method of determining the magnetic intensity, the saving of time and labour 
thus effected will be abundantly obvious. But it is an advantage of much greater 
moment, that the results of the proposed method, so far as the intensity is con- 
cerned, will be less liable to error than those obtained in the usual manner, as long as 
the dip exceeds 45° ; and that, in our latitudes, the accuracy of the new method is 
nearly three-fold that of the old. 

* The same number of readings is taken in the two cases, while in the proposed method the process of 
reversing the poles is dispensed with. 



